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INTRODUCTION. 
The present investigation is  a  continuation of the  electrocardio- 
graphic study of  the  cardiac  disturbances  in the  rabbit  caused by 
serum  anaphylaxis)  The  literature  on  the  effect  of  anaphyIaxis 
on the heart of the dog is not extensive, and is entirely opposed to 
the  idea  that  the dog's heart  is  primarily affected by  anaphylaxis. 
Biedl and Kraus 2 exclude, on theoretic grounds, any cardiac  effect 
during the  anaphylactic reaction in  dogs.  Eisenbrey and  Pearce  a 
examined the hearts of anaphylactic dogs with  a  myocardiograph, 
but failed to detect a primary effect on the heart muscle.  The ordi- 
nary tracings with the myocardiograph, however, are too condensed 
to permit the detection of partial heart-block, and the finer degrees 
of an abnormal contraction are not revealed. 
The  electrocardiographic  method  proved  so  satisfactory  when 
working  with  rabbits,  exposing  cardiac  disturbances  which  could 
not be  recorded  by  the  ordinary  graphic  method,  that  it  seemed 
advisable to apply this method to the study of the cardiac activity 
of  the  dog in anaphylaxis.  Findings  in  another  series  of  experi- 
ments on dogs, performed by one of us, indicated that cardiac dis- 
turbance would probably be  revealed by  electrocardiograms,  for  a 
* A  preliminary note appeared  in the Zentralblatt  fiir Physiologie,  I913,  xxvil, 
383.  Received for  publication,  June 26,  I913. 
i A  preliminary  note was  published  in  the Zentralblatt  fiir Physiologie,  I913, 
xxvii,  1;  a  full report  in the Journal  of Experimental Medicine,  1913, xviii, 45o. 
2 Biedl, A., and Kraus, R., in Kraus,  R., and Levaditi, C., Handbuch  der Tech- 
nik und  Methodik  der Irnmunit~itsforschung,  Erg~inzungsband,  Jena,  I9II  ,  258. 
a Eisenbrey,  A.  B.,  and  Pearce,  R.  M., orour. Pharmacol.  and  E~;per. Therap., 
1912,  iv, 27. 
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certain number of dogs died acutely within twenty to  forty minutes 
after the injection of the second dose of horse serum, and immediate 
autopsy  showed  that  the  heart  had  largely  lost  its  irritability and 
contractility when stimulated mechanically or electrically.  As these 
changes  were  similar to  those  observed  in  the  rabbit,  4  and  as  the 
latter  showed  undoubted disturbances in the  heart's  activity  when 
observed  directly  5  or  by the  electrocardiograph,  it  seemed  reason- 
able to expect some cardiac disturbances also in the dog. 
Most  investigators, in  speaking  of  the  anaphylactic  reaction,  use  the  term 
anaphylactic  shock.  The  term  shock,  though  by  no  means  a  well  defined 
physiological entity, means either a  low  blood pressure  (vascular shock),  or  a 
rap!d  feeble  pulse  (cardiac  shock),  or  a  combination of  the  two. 6  The  term 
shock,  therefore,  may be applied to the anaphylactic reaction of the dog and the 
rabbit, but not to that of the guinea pig, for this animal dies of an asphyxia.  7 
EXPERIMENTAL  PART. 
The  dogs  used varied in weight  from 6  to  14 kilos.  Sensitization was  pro- 
duced  by the  subcutaneous injection of  lO  c.c. of  horse  serum,  5  c.c. in  each 
flank.  The  period  of  incubation lasted  from  twenty-two  to  sixty-two  days. 
The  degree  of  sensitization  obtained  varied  considerably,  as  far  as  cardiac 
effects  are  concerned,  though  all  showed  the  characteristic  drop  in  blood 
pressure,  s  No  definite relation could be  detected  between the  length of  sensi- 
tization and  the  toxic  effect  of  the  reinjection; outspoken cardiac  effects,  for 
example, were obtained in one set after 6I, 35, 37, and 40 days,  while other dogs 
after practically the same intervals showed no disturbances of the heart-beat. 
The  experiments  were  performed  as  follows:  After  etherization,  narcosis 
was  kept  up  by means of  intratracheal insuffiation; cannulas were  then intro- 
duced  into  a  carotid  artery  and  an  external jugular vein.  The  carotid  blood 
pressure  was  read  by  means  of  a  mercury  manometer,  the  connecting tubing 
being filled  with a  half saturated  solution of  sodium sulphate.  The toxic dose 
of  horse  serum,  usually 20  c.c., was  always  injected into  a  jugular vein.  In 
eight  experiments this  injection was  repeated  after  the  animal had  partly re- 
covered from the effects  of the first one.  It may be added that the horse serum 
employed  was  about  nine  months  old.  The  injections  required  about  one 
minute.  In  four  experiments the  vagi  were  cut in the  neck before the  second 
injection of horse serum was given. 
The  cardiac  activity was  recorded  by  means  of  an  electrocardiograph,  the 
Auer, J., Your. Exper. Med.,  I9II  , xiv, 494. 
5 Auer, J., loc. cit., p. 483. 
6 Howell,  W.  H.,  Contributions to  Medical  Research,  Dedicated  to  Victor 
Clarence Vaughan, Ann Arbor, 19o3, 51. 
Auer, T., and Lewis,  P. A., Your. Exper. Med.,  191o, xii, 172. 
s The blood pressure was not recorded in the first two experiments.  Both of 
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Edelmann  large  model  being used.  The  string  of  the  galvanometer  was  always 
so  adjusted  that  the passage of  one millivolt  gave  a  movement  of  I  cm.  on  the 
curves.  The  electrodes  were  always  applied  to  the  right  fore  leg  and  left 
hind  leg.  In  most  experiments,  non-polarizable  electrodes,  attached  to  the 
animal  by  gauze  soaked  in  salt  solution,  were  used.  In  others  gold  plated 
needles,  brazed  on  curved,  lacquered  brass  plates  provided  with  a  binding  post, 
were  inserted  under  the  skin;  the  plates  from  which  the  wires  led  to  the 
galvanometer  were  held  in  position  by  tapes.  Both  methods  gave  identical 
results.  Control  curves  were  usually  made  before  and  after  the  operation  and, 
in  the  early  experiments,  also  before  and  after  the  manometer  recorded  the 
blood  pressure.  Electrocardiograms  were  then  taken  before  and  after  the 
injection  and  at  frequent  intervals  subsequently,  usually  every  fifteen  seconds 
for  several  mlnutes,--then  at  less  frequent  intervals  until  all  apparent  effects 
had  disappeared.  The  movements  of  the  string  were  always  carefully  watched 
and  curves  taken  whenever  any change  was  noted.  The  time  consumed by  one 
experiment  varied  between  ten  minutes  and  two  hours.  Only  one  animal,  No. 
12,  succumbed  acutely  during  the  experiment;  dogs  8,  9,  io,  and  16  survived 
for  one  or  two  days  and  then  died.  The  other  dogs  were  usually killed  at  the 
end  of  the  experiment  by  injecting  strophanthin  intravenously.  A  specimen 
protocol  is given below.  All  experiments  were  carried  out in  this  manner. 
PROTOCOL OF  EXPERI~/fENT 8. 
February  15,  1913.  Tan  and  white  dog,  male;  weight,  5,750  gin.  The  dog 
was  etherized,  a  catheter  introduced  into  the  trachea,  and  etherization  by  intra- 
tracheal  insufflation  was  begun.  Electrodes  were  applied  to  the  right  fore  leg 
and  the  left  hind  leg. 
Time. 
lO.34  A.M. 
lO.44  A.M. 
lO.45  A.M. 
lO.46  A.M. 
(figure 1) 
lO.47  A.M. 
lO.48  A.M. 
io.48~ A.M. 
lO.48½ A.M. 
lO.49  A.M. 
IO.49{ A.M. 
(figure 2) 
lO.49{ A.M. 
10.5o½ A.M. 
lO.51  A.M. 
lO.51½ A.M. 
10.52 ½ A.M. 
Blood 
No. of  pres-  Rate.  P-R time.  Form of complexes. 
curve,  sure. 
IOO.I  --  167  0.10  P well formed, R  of I5 ram., definite 
S, no T  wave. 
Cannulas in external jugular and in carotid artery. 
lO0.2  --  212  [  o.09  R  of 14 mm., S deeper, split T 
l,  wave. 
lOO.3  I  IOO  212  o.o9  No change. 
t  ! 
Injection of 20 c.c. of horse serum into jugular vein begun. 
Ioo.4  [  --  [  207  [ o.Io  [No change. 
Injection of horse serum finished. 
lOO.5  --  204  o.io  No change. 
lOO.6  25  178  o.14  P  wave  smaller,  T  less  definite. 
Respiration regular. 
IOi.i  15  167  o.16  No change. 
lol.2  15  17o  o.18  S wave deeper. 
101. 3  20  161  0.17  No change. 
lOl.4  --  163  o.I6-O.I7  INo change.  Animal quiet. 
lO2.1  20  165  o.16  R  of 8 mm., S 4 mm. deep. 
lO2.2  --  161  o.15  No change. 
lO2.3  15  161  o.I4-O.I 5  No change. 
lO2.4  I5  157  o.13-o.14  R  of 6  ram. and broken in ascend- 
"  ing limb.  Respiration  regular, 
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Time. 
Io.53{A.M. 
Io.54{ A.M. 
lO.55{  A.M. 
lO.56{  A.M. 
lO.57½ A.M. 
(figure 3) 
lO.59{  A.M. 
II.OO  A.M. 
11.o1{  A.M. 
II.o2~A.M. 
11.o4  A.M. 
11.o7  A.M. 
11.o8{  A.M. 
I1.IO{ A.M. 
11.13{  A.M. 
11.16  A.M. 
11.19  A.M. 
II.22½A.M. 
11.28  A.M. 
I1.37  A.M. 
11.4o{  A.M. 
II.482 A.M. 
12.o4  P.M. 
I2.O5~ P.M. 
12.o6  P.M. 
I2.o7  P.M. 
I2.O7~ P.M. 
12.o8  P.M. 
12.13  P.M. 
12.14  P.M. 
I2.24½  P.M. 
12.25  P.M. 
12.30  P.M. 
No. of  Blood 
to3.1  lO-15 
to3.2  IO-I5 
tO3.3  10 
t03.4  I0 
to3.5  1o 
io4.1  -- 
io4.2  15 
I04.3  15 
IO4.4  18 
lO4.5  I8 
lO5.I  25 
105.2  3  ° 
lO5. 3  3o-32 
lO5.4  32 
lO5.5  35 
lO6.I  40 
lO6.2  40 
Io6.3  4o-45 
50 
lO6.4  45-5 ° 
lO6.5  45-5o 
lO7.I  55-60 
lO7 .2  55 
Injection of 
Rate.  P-R. time.  Form of complexes. 
I58  o.I2-o.13  No change.  Moderately active ex- 
piration. 
I6o  o.ii-o.i2  R  of  5  ram.,  break  in  ascending 
limb. 
161  o.11  No change.  No feces passed. 
16o  o.zo  No  change.  Respiration  slower, 
:  regular. 
I6o  o.09  iRespiration slower. 
153  o.o9  R  7 mm. high, S 3 mm. deep. 
154  0.o9  No change. 
157  o.o9  Double peak of T, less distinct. 
156  0.o9  No change. 
158  0.085  No change. 
168  0.09  R  wave of 8-Io mm.  Dog quiet. 
165  o.o~  No change. 
174  --  No change. 
174  o.09  No change.  Dog on ½ ether. 
18o  0.09  No change. 
18o  o.o9  No change.  Dog quiet. 
18o  No change. 
18o  0.o9  No change. 
188  0.09  No change. 
I9o  o.o9  No change. 
i88  0.o9  No change. 
185  o.09  R  of lO-12 mm. 
2o c.c.  of horse serum begun. 
lO7.31  --  I  18o  I 
Injection finished. 
Io7.4  55~0  I77 
107.5 
Io7.6  55-60]  182 
lO8.I  55-60 ]  185 
lO8.2  55--60 [  18o 
55 
108"3  :2  5  187 
lO8.4  4  5  186 
o.09 
o.o9 
0.085-0.09 
0.09 
o.09 
0.09 
0.08-0.09 
[R of I3mm. 
No change. 
No change. 
No change. 
No change. 
Ether stopped. 
No change. 
No chango. 
No change. 
The  wound  was  dressed  after  removal  of  the  cannulas  and  after  treating 
the wound with tincture  of iodin.  The dog was removed to the  kennel, but was 
found dead  on  February 17,  two days after  the  experiment• 
The most striking effect of the anaphylactic reaction was the well 
known, marked fall in blood pressure, first described by Biedl and 
Kraus2  This occurred immediately after injection in the ten ex- 
periments in which the blood pressure was observed.  The average 
fall  was  lO6  millimeters of  mercury.  The  pressures  before the 
injections  averaged  126  millimeters  of  mercury,  and  the  lowest 
9 Biedl,  A.,  and  Kraus,  R.,  Wien.  klin.  Wchnschr.,  19o9,  xxii,  365;  Arthus, 
~d., Arch. internat,  de physiol.,  191o,  ix,  179. 560  Disturbances  of  Heart-Beat  in  the  Dog. 
pressures  observed  after  the  injections  averaged  19. 5 .  The  time 
required  for  this  fall  of blood pressure  averaged  about  three  and 
one half minutes,  but varied  in the different  experiments  from one 
half  to seven minutes.  Six  of the  experiments  showed practically 
no changes in the heart-beat,  except changes in rate.  There was no 
evidence  of  disturbance  of  conduction  from  auricles  to  ventricles, 
and  the  electrocardiograms  showed no .abnormalities  in  form.  In 
six  other experiments,  however,  definite  alterations  were observed 
in the electrocardiograms,  in addition to changes in rate, which were 
evidently part of the anaphylactic  reaction. 
The dogs,  in which a  change  of rate was the only disturbance  of 
cardiac  activity,  showed  ahnost  constantly  a  gradual  reduction  of 
the cardiac rate throughout the experiment, and in only one instance 
was the rate higher after the injection than before.  Thus in experi- 
ment  7,  during  a  drop in the blood pressure  from  14o to  3o milli- 
meters  of mercury,  the  heart  rate  gradually  fell  from  21o  to  14o 
beats  per  minute,  and  continued  at  this  rate  until  the  end  of  the 
experiment,  although the blood pressure rose later to 85 millimeters 
of mercury.  In three other experiments,  in one of which  the vagi 
were cut,  similar  results were observed, while in the two remaining 
experiments,  changes in rate were very slight.  The six experiments 
with  definite cardiac  disturbances  showed a  less constant  change  in 
rate.  In  two a  gradual  fall in  rate  took place,  while  in  two  there 
was  but  little  change.  In  one  of  the  remaining  two  experiments 
(No.  8,  text-figure  I)  the  rate  fell somewhat,  but  rose again  with 
the rise of blood pressure, while in the other the rate fluctuated con- 
siderably in spite of a sudden fall and continued relatively low blood 
pressure.  In  this  experiment  the  rate  rose  from  I75  beats  per 
minute  before  the  injection  to  26o  beats  thirty  seconds  after  the 
injection.  In three minutes more it fell again to 15o, but rose again 
to 212 beats three minutes later.  This  was the only experiment  in 
which  a  sharp  rise  in  cardiac  rate  accompanied  the marked  fall  in 
blood pressure,  but even here the increased  rate  was of short  dura- 
tion and  seems to have been independent  of the  fall in blood pres- 
sure.  It may,  therefore,  be stated,  in  general,  that  the  changes  in 
cardiac rate were not marked, and usually consisted of a gradual  de- 
crease  which  seemed  independent  of  changes  in  blood  pressure. G.  Canby  Robinson  and  John  Auer.  561 
Definite disturbances  in cardiac  activity were seen  in  six experi- 
ments.  These disturbances were indicated in the electrocardiograms 
by abnormal relations in waves of auricular and ventricular activity 
Minutes a.~tor 
Injection  I  &  3  4  ~  ~  7  8  ~  IO IP-15zo~3o4oso@o?o8o 
BP~  P-R  "  i~'..~-i  "  "  i  :  :"  "  "  ~  "  :  :  :  :  "  :  :  :  :  :  :  " 
I"  :~!.~-:  :  :  :  i  :  :  t  :  :.  !  !  i  i  .'.  !  .'.  ":  .'.  ~  :.ci~ 
HR4M"t  :o:.~.©:  i  :  :  :  .'  ~  :  ,  :  ~  ,  :  •  ,  ,  ,  ,  ..... 
(~. (p, I. o f,_.  I  .  .  ,  I  ,  ,  o  .  .  .  '  .....  ;  :  ;r-* 
o~:~:~  :  :  :  :  :  :  ~  l  :  :  :  :  :  :  :  :  :  :  ~ 
I ,,i  !i!i}  ! i ii  i ! i i i 
~014014'  i,  !Ji  ~  ~  =..~  !  i  i  ~  !  i  ~  !  !  i  i  i  .=  i  i  i  ."  i 
•  IJ  ;  I  ;  m  •  *  •  ;  •  .  "  ;  .  .  .  "  .  :  .  .  .  .  :  ; 
6°la°,,I  i'd  i  i  i  i  ~  i  ...~.'_~  ~  ~  i  ~  ~  ~  !  i  ~  !  ~o4_J..oJ...I 
5~"0.,, I  ~  ~  ~  ".-:  ~  ~  :  :X~  •  ~  :  :  •  :  :  :  ..  }1~:'1 
50100~  9-~  ~  ~  .-"  i  i  ~  ~  i  . .'~'_'_'_'_:_'_.=.i_~._di._i_.=_'.l  JO  :  i  :  :  :  !  !  :  :  :'  :  :  :  "  :"  :-  :  :'  !  :  '  .r~:*.,='- 
45  u  -~  ;  :  !  i  :.  .:  :  :  :  :  .:  :.-:-:-:-:-:-:-.-:  ......  .-.- 
3) 
:  J:  ,  .....  ,..  ....... 
J  i  !'~  i  L1  i  i  ilili  ili  i  i  }'i  i  )  i  )  i  {  i  ; 
,.  :  ,~,  :  .r  ..~  •  ,  :  "  .'  •  .  . 
r  •  .  .  ,  .B  _  _'[  t  ..  ;  .  ,  .  .  .  .  . 
I  i"  !  ~  .*  :.  ~  ,.  :  ."  :  .  •.  :  :  :  •..  :.-.  l 
3~ 
25 
2O 
,0 
TEXT-FIG.  I.  Curve  constructed  from  the  records  of  experiment  8.  The 
records  in  figures  I,  2,  and  3  were  obtained  at  the  time  in  the  experiment 
marked  by  I,  2,  and  3  at  the  bottom  of  the  curve.  The  relation  of  changes 
in  rate,  blood  pressure, and  conduction,  and  the  time  of  injection  of  the  horse 
serum  is  shown.  Upper  solid  line=  cardiac  rate  per  minute.  Lower  solid 
line ~---conduction  (P-R)  time in  seconds.  Broken  line =  blood pressure in  ram. 
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and by significant  changes in the  form of the ventricular  portions. 
In five experiments there was a  delay in the conduction of impulses 
from  auricles  to  ventricles  which  resulted  in  the  prolongation  of 
the  P-R time to more than  o.I2  of a  second.  In two of these ex- 
periments the disturbance of conduction was so marked that partial 
auriculoventricular  block  occurred.  Definite  changes  in  form  oc- 
curred in the ventricular portions of the electrocardiograms of three 
experiments.  These  changes  and  the  disturbances  in  conduction 
occurred both in dogs with intact vagi and in others where they had 
been cut. 
A  temporary lengthening  of the conduction  (P-R)  time occurred 
in  two  experiments  (Nos.  8  and  I5).  In  experiment  8  the  vagi 
were intact.  Before the injection the blood pressure was  Ioo milli- 
meters  of  mercury,  the  rate  212  per  minute,  and  the  conduction 
(P-R)  time o.o9 of a  second.  The  form of the electrocardiogram 
was that of a  normal sequential beat  (figure  I).  One minute after 
the injection of twenty cubic centimeters  of horse serum, the blood 
pressure  had  fallen  to  15  millimeters  of  mercury,  the  conduction 
(P-R)  time was  lengthened  to  o.I8  of a  second,  and  the  rate  was 
slowed to  i75 beats per minute  (figure 2).  During the next  four- 
teen  minutes  the  blood pressure  and  cardiac  rate  showed  no  defi- 
nite variation,  but the conduction time gradually  shortened and  had 
returned  five minutes before any rise  of blood pressure occurred to 
o.o  9  of  a  second  (figure  3)-  The  conduction  time  showed  no 
further  change  during  the  two hours  in  which  curves  were  made. 
The  relation  of  the  changes  in  rate,  in  conduction,  and  in  blood 
pressure is seen in text-figure  I. 
In  experiment  15  both  vagi  were cut.  The  injection  of  twenty 
cubic centimeters  of horse serum was  followed here  also by a  defi- 
nite  prolongation  of  the  conduction  time  from  o.Io  of  a  second 
(figure  4)  to  o.I4  of  a  second  (figure  5),  which  continued  for 
thirteen  minutes and then returned  to normal.  The blood pressure 
fell from  I I5 to 32 millimeters of mercury and did not rise beyond 
4o millimeters of mercury for thirty-six minutes.  There was almost 
no  change  in  rate  throughout  the  experiment.  The  most  striking 
feature  in  this  experiment,  however,  is  the  gradual  change  in  the 
form  of the  ventricular  complexes.  This  change began  about  one G.  Canby  Robinson  and John  Auer.  563 
minute after the  injection.  The  R  waves became smaller,  the  S 
waves became more prominent,  and  the T  waves, which were in- 
verted or negative at first, disappeared and then increased gradually 
in  size.  The change was  most  marked twelve and  three quarter 
minutes after the injection (figures 4  and 5), when the complexes 
began to revert gradually to the normal, so that twenty-seven min- 
utes  after  the  injection  the  electrocardiograms  resembled  those 
obtained before the injection.  Experiment  16,  in  which the vagi 
were intact, showed changes similar to those seen in experiment 15, 
where the  vagi were cut  (figures 4  and  5).  The  change in  the 
ventricular complexes began three and three quarter minutes after 
the injection and was most marked thirteen minutes later.  Twenty- 
two minutes after the injection the ventricular complexes resembled 
those obtained before the injection. 
In  two  experiments,  Nos.  I  and  12,  partial  auriculoventricular 
block occurred.  In experiment I the vagi were intact.  Changes in 
the ventricular complexes occurred, similar to those seen in experi- 
ments 15 and 16.  Before the injection the electrocardiograms were 
normal  (figure 6).  After the  injection of  serum the  conduction 
(P-R)  time gradually lengthened.  In half a  minute the R  waves 
became smaller, and a  splitting and deepening of the S  waves and 
an increase in the size of the T  waves set in.  In three minutes par- 
tial  block  occurred, at  first every eighth  auricular beat  failing to 
stimulate a ventricular contraction (figure 7).  The conduction time 
after a blocked auricular beat was o.12  of a  second at first, but it 
lengthened to o. 14 of a second five minutes later, when every fifth 
or fourth auricular beat was blocked (figure 8).  The partial block 
continued until  twenty-two minutes  after the  injection,  when all 
auricular  contractions  were  followed by  ventricular  contractions, 
the conduction time being o.15  of a  second.  The conduction time 
gradually improved, and, at twenty-nine minutes after the injection, 
was  o.12  of  a  second  (figure 9),  and  the  ventricular complexes 
again resembled those seen before the injection.  In experiment 12, 
both  vagi were cut.  Before the injection the blood pressure was 
145 millimeters of mercury, the rate was 217, the conduction (P-R) 
time  was  o.o8  of  a  second,  and  the  ventricular complexes  were 
normal  (figure  IO).  Thirty  seconds  afterward,  partial  auriculo- 564  Disturbances  of  Heart-Beat  in  the  Dog. 
ventricular  block appeared,  when  the  blood pressure  had  fallen  to 
2o  millimeters  of  mercury.  Fifteen  seconds  later  every  fifth 
auricular  beat  was  blocked  (figure  II).  The  conduction  (P-R) 
time in the cardiac cycles following the blocked auricular beats was 
o.15  of a  second.  In the succeeding cycles it gradually  lengthened 
until  it was o.27 of a  second; then  an  auricular  impulse  was again 
blocked.  In spite of the  fact that  the blood pressure remained  low 
(IO  to  18  millimeters  of  mercury),  the  sequential  beat  returned 
after  two  minutes.  The  conduction  time  at  first  was  o.2o  of  a 
second  (figure 12), but five minutes later it was o.II. 
The  electrocardiograms  obtained  in  experiment  9  showed many 
unusual  changes  after  the  serum  injection.  Before  the  injection 
the blood pressure was  135 millimeters of mercury, and the electro- 
cardiograms  were normal  (rate 21o).  One minute  after the injec- 
tion the blood pressure was 4 °  millimeters  of mercury and  the  rate 
was 14o.  There was a  definite lengthening in conduction from o.o9 
to  o.18  of  a  second,  lasting  only  one  minute,  and  then  a  gradual 
diminution  occurred.  In six  and  one half  minutes after the  injec- 
tion  the  P-R time  was  normal  again  and  the  cardiac  rate  was un- 
changed.  Meanwhile,  the blood pressure  had  fallen  further  from 
4o to 20 millimeters of mercury.  The record obtained at eleven and 
one  quarter  minutes  after the  injection  showed  that  the  P  and  R 
waves were practically synchronous  (figure  I3).  One and one half 
minutes  later,  however,  the  P  waves  again  preceded  the  R  waves, 
but by an interval of o.o  3 to o.o8 of a second, and were partly fused 
with  them  (figure  14).  The  P  and  R  waves  were  entirely  sepa- 
rated three and one quarter minutes  later,  while the blood pressure 
had  risen  again  to  4o millimeters  of mercury  (figure  15).  Nine- 
teen and one half  minutes  after the  injection,  the  P  waves had  be- 
come  negative  (figure  16),  and  twenty-three  and  three  quarters 
minutes  after  the  injection,  normal  complexes  were  obtained,  the 
P-R time being o.Io of a  second,  the rate  167 per minute,  and  the 
blood pressure  still  4o millimeters  of mercury  (figure  17).  From 
this  time on, the blood pressure rose gradually,  the rate diminished 
somewhat,  while  the  conduction  (P-R)  time  showed  no  further 
change,  and  the electrocardiograms  continued  normal. G.  Canby  Robinson  and  John  Auer.  565 
DISCUSSION'. 
The  experiments  which  have  been  described  demonstrate  that 
during  anaphylactic  shock, caused by the intravenous  injection of 
horse serum into sensitized dogs, disturbances of the heart-beat may 
occur which produce definite changes in electrocardiograms.  These 
cardiac disturbances manifest themselves in several ways.  The con- 
duction of the stimulus of the heart-beat from auricles to ventricles 
may be  definitely delayed or  even  occasionally prevented,  causing 
in  the  electrocardiograms  prolongation  of  the  P-R  time  or  the 
occurrence of P  waves which are not followed by ventricular com- 
plexes.  The ventricular contractions may become abnormal, yield- 
ing markedly altered ventricular complexes.  These changes in .the 
ventricular complexes are well defined in the electrocardiograms of 
three experiments and  consist  of  a  diminution of the  R  waves,  a 
marked deepening of the  S  waves,  and  an  exaggeration of  the T 
waves,  which  become  sometimes  partly  fused  with  ,the  S  waves. 
This  change in the  form of the ventricular portions of the curves 
was gradual and departed more and more from the normal after the 
anaphylactic shock until a  maximum was reached, and then usually 
returned gradually to  the  form obtained before  injection.  These 
changes  resemble closely  those  observed  by  Eppinger  and  Roth- 
berger  1°  in  electrocardiograms of dogs,  when a  2o per cent.  silver 
nitrate solution was injected directly into the wall of the right ven- 
tricle,  or  when the  limb  of the  atrioventricular bundle  leading to 
,the  right ventricle was cut.  When the silver  nitrate  solution was 
injected into the wall of the left ventricle, they obtained a  distinctly 
different form of electrocardiograms.  It  seems evident, therefore, 
from .their experiments that the side of the heart into which injec- 
tions  are made determines the character of the change in  form of 
the electrocardiogram.  As the changes in the curves of our experi- 
ments always resembled those of Eppinger and Rothberger in which 
the right side of .the heart was injured, it seems possible that in our 
experiments the ventricular activity was disturbed by damage to the 
musculature, especially of the right ventricle, or to the path of con- 
lo Eppinger,  H.,  and  Rothberger,  C.  J.,  Wien.  klin.  Wchnschr.,  19o9, xxii, 
191o; Ztschr.  f. klin. Med.,  191o, lxx,  I.  Rothberger,  C. J.,  and Winterberg, H., 
Zentralbl.  ~.  Herz-  u.  Gefiisskrankh.,  1913, v, 206. 566  Disturbances  of  Heart-Beat  in  the  Dog. 
duction  in the  right  ventricle.  The  analogies  which  can  be drawn 
between their curves and ours offer evidence for the possibility that 
the  right  side  of the  dog's  heart  is  more  affected  in  anaphylactic 
shock than the left, just as the right  side of the rabbit's heart seems 
to be, as pointed out by one of us. 11  Still  further evidence is given 
by our work on the  rabbit during  anaphylaxis. 12 
The development of a  mechanism  unusual  in spontaneously beat- 
ing hearts  has already been mentioned.  It  occurred  in  experiment 
Ii  (figures  13  tO  17).  The  electrocardiograms  indicate  that  the 
ventricles  suddenly  ceased  to  follow  the  auricles  in  the  normal 
manner,  but  that  the  two  parts  of  the  heart  contracted  synchro- 
nously.  This continued for several minutes, the auricles contracting 
either at the same time  or very shortly before the ventricles,  when 
the time which elapsed between the onset of auricular and ventricu- 
lar systoles was not sufficient for '~he normal passage of the impulse. 
_At first the P  waves had a  normal outline,  but later the  form of the 
P  waves changed  suddenly to a  wave directed  downward.  A  few 
minutes  afterwards  the  electrocardiogram  was  again  normal. 
Such  changes  in  electrocardiograms  from  the  dog  have  been 
published  by Rothberger  and  Winterberg? ~  After  stimulation  of 
the left accelerator nerve the  P  and R  waves gradually  approached 
each other and then became synchronous.  Suspension curves of the 
auricles and  ventricles,  made simultaneously with the electrocardio- 
grams,  show  that  the  auricles  and  ventricles  contracted  synchro- 
nously.  Later  on  the  normal  relation  of  these  waves  gradually 
returned.  They interpret  this  phenomenon,  which  was observed in 
a  number  of experiments,  as the  result  of  stimulation  of the  left 
accelerator nerve, and believe that the power of stimulus  formation 
in  the  atrioventricular  region  is  raised  by the  activity  of Che  left 
accelerator,  so that  this  region supersedes the normal  region  as the 
cardiac pace-maker.  Thus atrioventricular autonomy is established, 
the  point  of  origin  of  the  heart-beat  gradually  shifting  from  the 
sino-auricular  region  to  the  atrioventricular  region.  These  obser- 
vations have been repeated  and  confirmed  recently by Ken  Kur6,14 
11 Auer, J., loc. cit. 
12 Auer, J,, and Robinson, G. C., loc. cit. 
13 Rothberger, C. J., and Winterberg, H., Arch. f.  d. ges. Physiol.,  191o, cxxxv, 
559; see also figures I and 2. 
14 Ken Kurd, Ztschr. f. exper. Path. u. Therap., 1913, xii, 384. G.  Canby  I~obinson and  John  Auer.  567 
who interprets his findings in a  similar manner, although ordinary 
graphic and not electrocardiographic methods were used. 
The phenomenon observed in our experiment is also to be inter-. 
preted as resulting from changes in the point of origin of the heart- 
beat.  If  the  junctional  tissue  suddenly  assumed the  function  of 
pace-maker,  the  auricles  and  ventricles  would  contract  synchro- 
nously, and later, the point of origin having changed to the auricles, 
the  auricular  activity  would precede the  ventricular.  The  occur- 
rence of the negative P  waves is also accounted for by a junctional 
tissue as the origin of the heart-beat.  This same type.of change in 
the electrocardiogram has been met in our work on rabbits,  as will 
be described elsewhere.  It is not possible to say what relation these 
changes, which began eleven and one quarter minutes after the injec- 
tion of the horse serum, had 'co the anaphylactic reaction.  The fact 
that such changes occurred in the rabbit, in which no anesthetic was 
used,  makes it  unlikely that the  occurrence of  an  atrioventricular 
rhythm was the result of etherization.  Nor is it possible to see any 
definite relationship between its occurrence during anaphylaxis and 
after  left  accelerator  stimulation. 
The  possibility  that  the  cardiac  disturbances  are  secondary  to 
the marked fall in blood pressure must be considered.  In order to 
determine the effect of a  sudden lowering of blood pressure on the 
electrocardiogram of the dog, three experiments were performed in 
which the blood pressure  was  lowered by  intratracheal  injections 
of amyl nitrite, intravenous injections of sodium nitrite, and by cut- 
ting both the grea'ter and lesser splanchnic nerves.  The experiments 
were performed under the same conditions as those in which anaphy- 
lactic  shock  was  produced,  except  that  non-sensitized  dogs  were 
used.  As  the result  of  these procedures,  rapid  changes  in  blood 
pressure of 6o to 9 °  millimeters of mercury were obtained, without 
any definite changes in the electrocardiograms.  The  only change 
in conduction time, which was observed in these experiments, was a 
shortening  which  sometimes accompanied the  fall  in  blood  pres- 
sure,  a  change opposite  to  that  seen  in  the  positive anaphylactic 
experiments.  The  fact  that  a  fall  in blood pressure  of  65  milli- 
meters of mercury may occur without changing the cardiac mechan- 
ism, as indicated by ,the electrocardiogram, is  illustrated by figures 568  Disturbances  of Heart-Beat  in  the  Dog. 
I8  and  ~9.  Moreover, in several experiments in which anaphylaxis 
was  produced,  the  drop  in  blood  pressure  was  not  followed  by 
changes  in  the  electrocardiograms.  And  when  changes  were  ob- 
served, the relation between the fall in blood pressure and the cardiac 
~  ~  i  ~  ~  ~  i  :'  :  ~  !  :  :  i  :  :  ~  :~:  i  ]  !  ~  ~  ~-- 
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TEXT-FIG. 2.  Curve  constructed  from the  records  of  experiment  IO. 
were no changes in the shape of the complexes at any time. 
There 
disturbances  was  such  as  to  render  it unlikely that  the  former was 
the cause of ,the  latter.  Thus  in experiment 8  the marked  delay in 
conduction, which occurred one minute after the injection,  returned G.  Canby  Robinson  a~d  John  Auer.  569 
to normal, while the blood pressure remained at a level even slightly 
lower than that at which it was when the conduction time was most 
prolonged (text-figure I).  In this experiment and in several others, 
the heart was beating normally before the rise of blood pressure com- 
menced.  Another curve (text-figure 2),  obtained from experiment 
to,  will make this lack of relationship between cardiac disturbances 
and  low  blood  pressure  still  clearer.  Here  the  blood  pressure 
dropped  from  I55  to  45  millimeters of mercury within  forty-five 
seconds after the injection of horse serum.  Nevertheless, the con- 
duction time rose only from o.o8 to o.o  9  of a  second and the elec- 
trocardiograms  showed  no  alteration  throughout  the  experiment. 
This answers an objection which could be made to our interpretation 
of text-figure I : the abrupt drop of blood pressure and consequent 
anemia of the heart muscle cannot now be held "responsible  for the 
increased conduction time and for the change in the complexes such 
as text-figure I  from experiment 8  shows, because an even greater 
drop of blood pressure  (text-figure 2  from experiment Io)  affected 
the conduction time but slightly and the shape of the electrocardio- 
grams not at all.  From the facts, therefore, that marked and sudden 
drops  of blood pressure were not  followed by any cardiac changes 
in  some cases of anaphylaxis and in control experiments, and that 
the  a!bnormalities in 'the  electrocardiograms disappeared  in  several 
experiments before there was  any rise  in blood pressure,  it  seems 
legitimate  to  assume  that  the  cardiac  disturbances  were  not  sec- 
ondary to lowered blood pressure, but represent an independent phe- 
nomenon of the anaphylactic reaction. 
In  order  to  determine  whether  the  central  cardiac  inhibitory 
mechanism played  any part  in  the  production  of  the  cardiac  dis- 
turbances of anaphylaxis,  both  vagi  were cut  in  four experiments 
before the injection of horse serum.  In addition,  it seemed advis- 
able to  investigate this  question,  because changes in  the heart-beat 
are produced by certain drugs which resemble those occurring in our 
experiments and which seem to be caused, at least in part,  through 
the action of the drug on the vagus center.  The partial dissociation 
so often seen  following the administration of digitalis  therapeutic- 
ally,  and the  disturbances  of  the  heart-beat,  which have been  ob- 570  Disturbances  of  Heart-Beat  in  the  Dog. 
served  by Einthoven 15  and  by Eyster  and  Meek  TM  after  the  injec- 
tion of morphin,  disappear after atropin  is administered  or after the 
vagi are cut.  In our experiments  (Nos.  II,  12,  I5, and  I7)  in which 
the vagi were cut, the effect of the injection of serum was apparently 
entirely similar to that observed in the other experiments,  where the 
vagi were intact.  In two of these experiments,  Nos.  I I  and  17,  no 
definite  alteration  occurred  in  the  heart-beat.  In  the  third,  partial 
heart-block  developed  (figures  Io  to  I2),  while  in  the  fourth, 
marked  changes in the  form of the ventricular  complexes occurred. 
These were similar to those seen in other experiments  in which  the 
vagi were intact  (figures 3 and  5).  It can be stated,  therefore, that 
the principal  changes  in  the electrocardiograms  during  the  anaphy- 
lactic reaction occurred both with the vagi intact  and  after the vagi 
had  been cut.  The  central  cardiac  inhibitory  mechanism  thus  does 
not play a  part  in the production  of the cardiac disturbances  which 
have  been  observed  in  the  anaphylactic  reaction  of  the  dog. 
The  action  of horse  serum  itself  and  ether,  as  causative  factors 
of the cardiac  changes  described above, we excluded in  control  ex- 
periments on normal dogs where horse serum was injected or where 
the  blood  pressure  was  lowered  by  various  means.  No  changes 
comparable  to  those  observed  during  anaphylaxis  were  observed. 
We  may  also  call  attention  to  the  experiments  when  horse  serum 
was  injected  during  the  state  of  anti-anaphylaxis,  which  will  be 
discussed below. 
In eight  anaphylaxis  experiments  the  dogs  were  reinjected  with 
twenty  cubic  centimeters  of  horse  serum  after  they  had  partially 
recovered  from the drop in blood pressure.  None of them  showed 
any  effect  on  the  blood  pressure  nor  on  the  shape  of  the  electro- 
cardiogram,  although  the  first  dose  had  perhaps  caused  marked 
al.terations in the form of the complexes, as in experiments 8, 9,  I4, 
I5,  and  16.  In  these  experiments,  therefore,  each  dog  served  as 
its own control as  far as ether,  horse  serum,  and  anaphylactic  phe- 
nomena are concerned.  These experiments  show  that  horse  serum 
and  ether per se do not  cause cardiac  disturbances  of the  kind  we 
have described,  and,  secondly, they demonstrate  tha,t  these  changes 
~5 Einthoven, W., and Wieringa, J. H., Arch. f.  d.  ges. Physiol.,  I913,  cxlix, 48. 
~6 Eyster,  J.  A. E.,  and  Meek, W.  J., Heart,  I912  ,  iv, 59. G.  Canby  Robinson  and  John  Auer. 
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PLATE 42. 
:FIG.  I.  Experiment  8.  Vagi  intact.  Electrocardiogram  before  injection 
Conduction  (P-R)  time ----  o.o9  of  a  second.  Blood  pressure----IOO  ram.  of 
mercury.  Rate ~- 212. 
FIG. 2.  Experiment  8.  1~  minutes  after  injection.  Conduction  (P-R) 
time=o.I7  to  o.I8  of  a  second.  Blood  pressure----15  to  25  ram.  of  mercury. 
Rate----I61.  Note  delay in  conduction. 
FIG.  3.  Experiment 8.  I2  minutes  after injection,  Conduction  (P-R)  time 
----o.o9  of a  second.  Blood pressure ~-'IO to  I5  ram.  of mercury.  Rate---- I54. 
Note  return to normal conduction without any  increase in  blood pressure. 
FIG, 4.  Experiment  I5.  Vagi  cut.  Electrocardiogram  during  injection. 
Conduction  time----o.o9 of  a  second.  Blood  pressure=II 5  ram.  of  mercury, 
Rata =  15o. 
FlO.  5.  Experiment  15.  123~ minutes  after  injection.  Conduction  time= 
o.14  of  a  second.  Blood  pressure= 3o  mm.  of  mercury.  Rate=  167.  There 
are  marked  changes  in  the  form  of  the  ventricular  complexes  and  delay  in 
conduction. 
lr Time is marked in  1/5  and 1/5o of a  second. r
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PLATE 43. 
Fro.  6.  Experiment  I.  Vagi  intact.  Electrocardiogram  before  injection. 
Conduction  time ~-o.o8  of  a  second.  Rate =  225. 
Fro.  7.  Experiment  I.  3  minutes after  injection.  Onset  of  partial  auriculo- 
ventricular  dissociation.  Auricular  rate=267.  One  auricular  beat  in  every 
eight is blocked.  Conduction  time varies  from o.12  to 0.28  of  a  second. 
FIC.  8.  Experiment  I.  9  minutes  after  injection.  Partial  auriculoven- 
trieular  dissociation.  Auricular  rate =  233.  One  auricular  beat  in  every  four 
is  blocked.  Conduction  time  varies  from  o.14  to  o.26  of  a  second.  A  change 
in form of the ventrieular complexes  similar to that in experiment  15  is  seen. 
Fro.  9.  Experiment  I.  29  minutes  after  injection.  Normal  sequential  beat. 
Conduction  time =  o.12  of  a  second.  Rate----240.  The  form  of  the ventricular 
complex  continues  abnormal. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVIII.  PLATE  43. 
(Robinson and Auer:  Disturbances of IIeart-Beat in the Dog.) G.  Canby  Robinson  and  John  Auer. 
PLATE 44. 
FIG.  IO.  Experiment  12.  Vagi  cut.  Beginning  of  injection.  Normal 
sequential beat.  Conduction time---- o.o8 of a  second.  Blood pressure---- 145  mm. 
of  mercury.  Rate---- 217. 
FIG.  II.  Experiment  12.  I~  minutes  after  injection.  Partial  auriculo- 
ventricular dissociation.  Blood pressure----,15 to 25  mm. of mercury.  Auricular 
rate---- 195.  One auricular  beat in every five is blocked.  Conduction time varies 
from o.14  to  o.28  of  a  second. 
FIG. 12.  Experiment  12.  2~  minutes  after  injection.  Sequential  beat. 
Conduction  time----~o.2o  of  a  second.  Blood  pressure~-~ 18  mm.  of  mercury. 
Rate =  187. 
FIG. 13.  Experiment  9.  Vagi  intact.  II~  minutes  after  injection.  The 
auricles and ventricles are contracting synchronously.  Blood pressure z  30  ram. 
of  mercury.  :Rate~ 148. I
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PLATE 45. 
FIG.  I4.  Experiment  9.  I2~  minutes  after  injection.  Ventricnlar  con- 
tractions  are  seen  following  auricular  contractions  after  an  abnormally  short 
interval.  Blood  pressure :  35  ram.  of  mercury.  Rate-~ I52. 
FIG.  I5.  Experiment 9.  I6  minutes after  injection.  Conduction time ~  0.07 
to  0.08  of  a  second.  Blood  pressure z4o  ram.  of  mercury.  Rate:  I64.  The 
electrocardiograms resemble closely the control curves. 
FIG. I6.  Experiment  9.  I9~  minutes  after  injection.  Conduction  time: 
0.06  of  a  second.  Blood  pressure :  40  mm.  of  mercury.  Rate:  I6o.  The  P 
wave is inverted. 
FIG. I7.  Experiment  9.  23~  minutes  after  injection.  Conduction  time: 
0.o8  of  a  second.  Blood  pressure z4o  ram.  of  mercury.  Rate:  I67.  The 
electrocardiogram  resembles  closely  that  obtained  before  the  injection,  except 
that the R  wave is  broken and not  so high.  Before injection blood pressure: 
I35  ram.  of  mercury.  Rate~-~ 2Io.  Conduction time:  0.09  of  a  second. 
FIG. I8.  Experiment 5.  Vagi  intact.  Unsensitized dog.  Electrocardiogram 
at  onset  of  experiment.  Conduction  timez  o.II  of  a  second.  Blood  pressure 
:  I2o  to  I25  mm.  of  mercury.  Rate z  I38. 
FIG. I9.  Experiment  5.  After  both  splanchnic  nerves  had  been  cut  and 
2  c.c.  of amyl nitrite had been injected into the trachea.  Blood pressure ~  55  to 
60  ram.  of  mercury.  Rate:II4.  Conduction  time:o.Io  of  a  second.  No 
marked  change is  seen in  the  form of the electrocardiograms following the  fall 
of 65  ram.  of mercury in blood pressure. x
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are of a true anaphylactic nature, since they are not obtainable dur- 
ing the anti-anaphylaxis induced by the first reinjection. 
.An interesting question, which ,these experiments bring up, is the 
possible  part  which the cardiac changes play in  the  production  of 
the characteristic drop  of blood pressure.  It seems to us that  the 
heart does not have a vital action in this respect, for a characteristic 
blood pressure effect may be obtained without any derangement of 
the cardiac beat.  Thus Biedl and Kraus's main contention that the 
•  heart is  negligible as a  factor in the causation of the  fall in blood 
pressure is probably correct. 
The facts outlined above justify us, we think, in concluding that 
the cardiac changes noted during anaphylaxis in the dog are not of 
central origin, nor are they secondary to the drop in blood pressure 
or to the action of horse serum and ether per se, but that they are 
caused by an action on the peripheral cardiac tissue  itself.  What 
this action may be we shall not discuss at present. 
CONCLUSIONS. 
Anaphylactic shock in the dog, caused by the intravenous  injec- 
tion  of horse serum into  sensitized animals,  may produce  definite 
cardiac disturbances  which are revealed by the electrocardiogram. 
These cardiac changes consist of disturbances in conduction of the 
heart  impulses,  abnormalities  in  the  ventricular  contractions,  and 
other  unusual  disturbances  of  the  mechanism  of  the  heart-beat. 
They come on very quickly after the injection of serum and may be 
of  short  duration,  and  are  not  obtained  during  anti-anaphylaxis. 
They are not the result of the marked fall in blood pressure which 
occurs, nor does the central cardiac inhibitory mechanism play a part 
in  their production.  These  cardiac disturbances  apparently  are  a 
definite primary expression of anaphylactic shock in the dog.  The 
right ventricle seems to be more affected than the left. 